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Abstract: of tJ>© Disclosure 

Fusion protein* for prodrug activation, the preparation 
and use thereof 



The Invention relate* to fusion protaina t^r prodrug, 
acti*. stion of t>iQ general fcmula huTuXM>-L-r-Gluc # where 
huTuJ-CAb is a hu: ,mLi.„^ or huaan tuur-specif ic uonoclonal 
antibody or a fragment *l**ereof, L is linfcer, and /f-Cluc 
comprises husan £ -glucuronidase. These fusion proteins are 
prepared by genrlic astipulation. huTuXAb ensures the 
specific localixation of tu*ors # L connects bsTuXAb to $ -Clue 
In such a way that the specific properties of the two fusion 
partners are rvot Leparied, and l-Gluc activates a suitable 
prodrug compound by elimination of glucuronic acid, where 
a virtually autolocou* system for use in huMJia is provided 
by the humanized or huaan fusion partners. 
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Df srr ipt jo * 

rusion proteLna for prodrug mctlvatioa, th» preparation 
and um thereof 



The invention relates to fusion proteins for prodrug 
Activation of the general formula huTulttb-lr-j-Gluc, where 
huTuKAb is a humanized or human tumor-specif ic monoclonal 
antibody, a fragment or a derivative thereof, _ I. is 
linker, and 0-Clue comprises human 0 -glucuronidase. These 
fusion proteins are prepared by genetic manipulation. 
huTuKAb ensures the epecific localixation of tumors, L 
connects huTuKAb to J-Gluc In such a way that the 
specific properties of the two fusion partners are not 
ijspaired, and J-Gluc activates a suitable prodrug com- 
pound by elimination of glucuronic acid, where a 
virtually autologous system for use in humans is provided 
by the humanized cr husan fusicn partners. 

Ccoubination of prodrug and tumor-specific antibody -enzyme 
conjugates for use as therapeutic ag«nts is described in 
the specialist literature. This has entailed injection of 
antibodiaa which are directed againzt particular tissue 
and to which a prodrug-cleaving enzyme is covalently 
bondad, into an animal which contains tho transplanted 
tissue, and subsequently administering a prodrug coaioound 
which can be activates by the enzyme. The action of the 
antibody-enzyme conjugate which is anchored in the tissue 
converts the prodrug compound into the cyto toxin which 
exerts a cytotoxic effect on the transplanted tissue. 

WO 88/07378 describes a therapeutic system whi -h contains 
two components and is composed of an artlbody-en*yme 
component. The use of non-nammalian enzymes for the 
preparation of the antibody- enzyme conjugate is described 
in this case, and that of endogenous enzymes is ruled out 
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fe~.u*o of the non-specific rel CM . o£ MtlT# I1lifUaet 
Sine. th. .,og.no U . unry. »r. r»cognU.d formica 
antigen, by th. body. th. ».. th.«of 1. u. K aud with 
th. <H»dv.nU C . of an Wn. „.po M * to tl f## non- 
-ndegenou. .ub.t, nc ... on th. be.i. of which th. .n 3 y- 
i— obili,.d on th. ax.tibody i. inactivated poa.iblv 
th, entire conjugat. i. .lilnated. Furthermore, > M tfcii 
c«. P-bl-M-(2-chlorowthyl)-«i». b « ay29lBt-iB acl(J 
«d d.riv.tiv.« th.«of ar. u.ad a. prodrug, th. ch«i c .l 
half-lif. thereof being only 5.3 to U.5 hour.. Th. 
che»ical in.tability of . prodxT19 co ^oun d i, . 
disadvantage becau.e of the .id. effect, to be erpected. 

tP A2-0 302 473 likewi.. de.cribe. * U.re ?8 utic .y.ta, 
containing two component., in which th. an t ibody.<en«v«. 
conjugate which i. localixed on the tu»or tls.ue cleave, 
a prodrug expound to give a cytotoxic active .ub.tanc. 
The combined ua«, which i. de.crtbed heroin inter alia 
of *r ap o,id. 4--pho.pfc«. and derivative, thereof a. 
prcdruj ar.d entibody-i^Mlized alkaline pho.phata... to 
liberate the etopc.lde. i. a di.advantage b*c.u.. of th. 
presence of large a»ount. of endogenou. alkalin. phc.pha- 
ta.« m ..rua. DE Al-38 26 562 de.cribe. how .topo.id. 
4'-pho.ophat.. have already been u.ed alon. „ 
therapeutic antitumor agent, with th. pho.phata... 
pre.ent in .erua liberating the .toj».id. froa the 
prodrug . 

It ha. been found that huTuXAb. couple via L to ,-Gluc 
and prepared by genetic Mnipulaticr repre.ent a 
particularly advantages, , b~«u.e virtually autologou. 
.y.t«. It ha. additionally t*e„ found that the catalytic 
activity of ,-«uc in ^ fuBl0R ^ ^ ? ^ ^ 

physiological condition., i. .ignif i C a„tiy higher than 
that of th. nativ. .„ w when th. f«,io„ protein i. 
bound to th. antigen via th. V region. Furthermore, . 
fu.ion protein with only on. hinge r . gio n Fi ,. P ftftd 

Example 0, can be generated by g,n.tic manipulation in 
high yield becau.e ao.t of the product wnich i. for»«i 
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results as on* bend (in this cut with molecular weight 

125,000) a^d can Maily be purified by affinity chroma- 
tography with anti-idlotype KAbe or an ti -glucuronidase 
KA ba. 

5 It has furthermore been found that a chamlcal 

modification of tha fusion proteins, in particular 
P*rticl or complete oxidation of tha carbohydrate 
structures, preferably with subeequent reeoctive 
amXftatlon, raaults in an increased half-life. Enzymatic 
10 traatMnt of tha fuiicn protaina according to tha 
invention with alkaline phosphatase from, for example, 
bovine intestin* or E. coli has in general not resulted 
in a significant increase in the half-life. 

Consequently, the Invention relates to fusion proteins of 
15 the formula 

huTuXAb-L-£-Cluc (i) 
vhere huTuXAh in a h^anixed cr human tumor-specific 
monoclonal •ntibody or a f ragsaent or a derivative 
thereof, and preferably comprises the KAbs 
20 described in EP-A1-0 388 914. The fusion proteins 

according to the invention particularly prefer- 
ably contain th* huaanited KAb fragment with the 
V\ and V, genas shown in Table 3. 

L is a linker and preferably contains a hinge 

2 5 r*gion of an immunoglobulin which is linked via 

a peptide sequence to the N-termir.us of the 
mature enxyme. 

fl-Gluc is the complete amino-acid sequence of huean 
^-glucuronidase or, in the relevant gene con- 
30 atructa, the complete cDJCA (Oshima A. at al., 

Proc. Natl. Acad. Sci. OSA 84, (19e7) 685-689. 
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Purtheraore preferred are constructs with a CH 4 axon and 
a hinge exon in the antibody part, aivd particularly 
preferred conatructa axe those in which these paxta 



derive a fcv-;.-3 Ir^j C r-*r.n. Ko«t preferred ere 

constructs, as d*sr t. Ibed la Cxixplt ( I ) , where the ccr- 
responding light ch^in of the humanised TuXAb la co- 
cxpressfrd In order. In this way, to obtain an HuTuXXb 
portion whlrh Is as similar a* possible to XJ*m original 
TuXAb in the binding .properties, Ttnally, th* invention 
relates to processes for the preparation by genetic 
manipulation of the abovementloned fusion proteins, to 
the purification thereof and to the use thereof as 
pharmaceuticals. Fusion pvoteins as described can be used 
for prodrug actlvatlcn in oncoses. 

In anothar embodi-vent, the fusion proteins according to 
the invention are chemically modified In order to achieve 
en Increased half-life and thus fin Inpixrred localisation 
of tumor*. The fusion proteins are preferably troated 
with an oxidising agent, for example perio^ate, which 
generally results in partial or c^cpietc cleavage of the 
carbohydrate * rings and thus in an alteration In the 
carbohydrate structure. This alteration generally results 
in an increaseo halC-life. It Is furthermore advantageous 
to derivatlze. In a second reaction step, existing 
aldehyde groups, for example by reductive axinatJ ,n. The 
partial or ccesplete destruction of the aldehyde groups 
generally results in a reduction in possible side reac- 
tions with, for example, plasma proteins. Accordingly, In 
is advantageous for the fusion prot%ir.s according to the 
Invention to be oxidised in a first reaction step, for 
example with pwriodate, and to be reductive ly ami na ted in 
a second reaction step, for example with ethanol amine and 
cyanoborohydrlde . 

The following euxmpleo describe the synthesis by genetic 
manipulation of a particularly preferred iusion protein 
according to the invention, the derivatixatlon thereof 
and the demonstration of the ability of the two fusion 
partners to function* 



Kxaatpl* (A)* 
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Th. .t.rtlng «f rl.l v. th. pl.eld pCa«-HOC?13 
(Tig. *). pGtM4 -HUGP 1 3 contain, a cMU Jnwart which 
contain, th. co-pl.t, coding c*qu.nc. for th. h«*n 
,-g}ucuronlda.. on«y^ (0.hD»a at al. loc. clt.) - ^1 th. 

t«chnl<p»e ~« ;rx * •* • 1 ' 

Molecular Cloning. A laboratory Hanual. S*co«v4 Iditlon, 
Cola Spring Warbor Laboratory Jr..., Cola Spring Harbor 
USA (19»1). 

S«Mpl« (Bp 

Th. ple.nld pGTK«-HUGP'.3 w*. cut with th. s*at t-lctlon 
•ndonucl.a... P.tl and Sail, and th. 342tp-long P.tl/Sall 
fr>5T~nt which harbor, th* *otl restriction claavaja .it. 
was i.olat.d. Th. P.tl/Sall xra?».nt wa. cloned Into th. 
P.tl/Sall-cl.aved v.ctor ptX (fig. t.l) «d the clone 
pTZjGlc3SC wa. l.olated (Tig. B.2). 

Example (C)i 

Th. placid clor.. pTZjGlcJSO wa. claaved with P.tl. and 
tha double-.tranded DMA fragaent fGlc linker, which i. 
composed of the oligonucleotide. fGlc linker 1 and fGlc 
linker 2 (Tab. 1} and ha. cohe.iv. P.tl .nd.. wa. ligated 
into the opened P.tl cl.avag. .ite. 
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Tab. 1 



y ^ tt — ^ 



Th. elon. FTI5G1C370 in vhich th. Neuron id,.* tr.9- 
^ i. .,»nd- .t i« 5. .nd by ollao«»el.otld. I 

, but h*. .c<uir.d in.t.id .t It. 5' .«d • — 

cl.o**g. .it. v.. i.ol.t.d (fig. CJ. 

Kxaspl* (D)i 

Tho pi...id elon. PTX.C1C370 w.. el.«d «Uh F.»l «J 
to th. hl»g.-li»*« f r^nt vM=h i. co^.-d o« 
l0 ^ U»- oiioonuci-otid.. 1 end 2 b ~ 

coh..iv. P.tl .nd. (Tab. 2). Th,. r..ult. in th. P.~ 

.1" -t 5. .«! 01 th. ,Glc 3 70 f«.o~»l , b.i 

d ..troy.d Th. pl.«ld elon. ?«,Glc420 in which th. >Glc 

15 wa . i»ol*t«d (Tig. t>) - 
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Tab. 2 




Example (E)» 

Th. pla.-id PTI-.G1C420 v.. cl.av.d with P.tl and Sail 
•nd th. « 2 0 b p tn . ert lioUt#d ^ • 

I 9 C3c Fc . b . }l 2 „ (EP . M . 0 ,„ 761< 3< P < 

contain, th. CH, .xon and two hlno . .„„ ef , ^ 
C 9 .n. v.. copl.t.ly cl.avd with Sail .nd partially 
cl.av.d with P.tl. Th. l.ol.fd 420bp lM-rt J 
to thi. S.lI/P.tX <part.,-Cl.av.d P l.„i d , and \£ 
P1..-W clcn. which contain, th. CH, .xon. a nine, .xon 
•nd th. , C lc420 frao».nt. that i. to .. y earr i. th . 
fl.n.tic ^formation of two hing. „ on . hmtMtmn wn 

and ,-olucuronid..., w.. i.ol.fd (p0C CH. ♦ H ♦ , G lc4 20 ) 

(rig. E) . ' 



r 



Tab. 3 



30 



SO 



253 2"0 ** v 



310 330 



r 



f 
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The plasmid pCZX4-HUGP13jClc wao rlt«Y»d with Sell, and 
the 175Cb? Sail fra^nt froa the /-glucuronidase cDIU vai 
isolated. The isolated 1750bp Sail fragment was ligated 
5 to the Sall-cleeved plasaid pOC CHj ♦ H ♦ /Glc420. :M 

plasmid cIom pOC CH 1 ♦ H ♦ hu/Glc which contain* a fusion 
gon4 composed of a CH 4 axon, a hinge axon and a fusion 
axon between a hi no, a axon and tha human j-^lucuronidaee 
cDKA was iaoiatad (rig. P). 

10 Example (G)t 

Tha exprea*ion vactor pABatop (fig. I ) was cleared with 
Hindi II and Sail. Tha plasmid pOC CHj ♦ H ♦ hu/Glc was 
cleaved completely vith Hindlll and partially with Sail, 
and tha CH 4 ♦ H ♦ hu£Glc insart was isolated. Tha 
IS CHj ♦ H ♦ hu/Glo insert was ligated to tha HindlXI/SalX- 

cleaved pABstop, and tha clone pABstop CB l ♦ K ♦ hu/Glc 
was isolated (Fig. G) . 

Example (H)t 

The pABstop vector pABstop BW 431/26 hum V,, which con- 
20 tains the huafiniitd version of the V, gene of the 

anti-CEA MAb BW 431/26 (Bosslat X. at al., Eur. J. Jhicl. 
Ked. 14, (1988) 523-528) (aee Tab. 3 for the aequonces of 
the humanized V, and V K gene), was cleaved with Hindi 1 1 
and BaAHl , and the insert which contains the signal axon 
25 and the V, exon was isolated. The pi a said clorv* pABStop 

CHj ♦ H ♦ hu/Glc was cleaved with Hindlll and ligated to 
the HindlXI/BaaHI 431/26 hua V, fragment* After ligation 
at roost temperature for 2 h, the ligation waa stopped by 
incubation at 70*C for 10*, and the ends which were still 
30 free were filled in with XI • now polymerase and dNTPs. 

Further ligation was then carried out overnight. After 
transformation, the clone pABStop 431/26 hua V, hu/GlclH 
which contains an immunoglobulin F(ab') a gene with a hinge 
exon, which is fused to the coding region of human 
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f-gl»K:uronidase, isolated with tJo aid of restriction 

mapping and nucleic acid eequanc* (Xig. K)- 



Ixample {X)i 

The clone pABStop 431/26 hum V, hujGlclH was transited 
_©oetber vi^h ft pl-^uid clona whica carrier the light 
chain of hum* nixed W 431/2* (Fig. I ) *"J two plasmida 
vhich carry a neomycir- (Fig. *) and * methotr*xate- 
reai«tence gene (Fig- into BKX cells. A fusion protein 
which haa bo*h the antigen -binding propcxtiaa of 
XAb BW. 431/26hum and tl^e cnryxAtic activity cf human 
£ -glucuronidase vaa erpre*sed. 



Example (J)t 

Demonstration of tJSa antigen-binding properties and of 
the enrymatic activity of the 431/26 to* V^Glc iH 
fuaion protein 

The ability of the 431/26 hum V,hu#Clc IB fuaion protein 
to bind specifically to the epitope dafined by 431/26 on 
CZA (carcinoembryonic antigen) and, at Xho same time, to 
exert the enxymntic activity of human J -glucuronidase was 
determined in a | P~H f 1 citv /enivw activity sliftY - thim 
aiaay i« carried out ae described belowi 

Polystyrene (9<>-well) microtiter plates (0 shape. 
Type B, supplied by Hunc, Order Bo. 4-60445} are 
incubated with purified CZA (1-5 ,g of CEA/ml, 75 ,1 
of this per well) or with C1T mucin {same amount as 
CEA) at R.T. overnight. 

The non-adsorbed antigen is removed by aapiration 
and washed 3 x with 0.05 X tris/citrate buffer, 

pH 7.4. 

The microtiter plates are left to atand at R.T. with 
the opening facing downwarda on celluloae overnight. 
The microtiter platea are incubated with 250 *1 of 
1% atrength casein solution in PBS, pH 7.2, per well 
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(blocking solution) at 20*C for 30 minuttt. 
During the blocking, the substrate is **d* up. The 
amount of substrate depends o.i the number of super- 
natanti to be assayed. The substrate J »ade up 
fresh for each aaaay. 

Substrate t 4-«ethylu*bellif *ryl "jlucuronide 
(Order Mo.i M-9130 from Sigsw), 2.5 m* in 200 mX 
sodium acetate buffer, pH 5.0, with 0.011 BSA. 
The blocking aoluticn is removed by aspiration, and 
in each case 50 pi of BUX cell »up«m*Unt which 
contains the fusion protean axe loaded onto the 
microtiter plate coated with CEA or JIT mucin (that 
is to say the sample voluae required is at least 
120 M l) • 

Incubation at R.T. is then carried out for 30 
minutes . 

Ti,e plates are washed 3 x with E^ISA washing buffer 
(Behring, OSKW 96). 

The substrate is loaded in (50 M l/well) and in- 
cubated at 37 *C for 2 hours. The plate is covered 
because of the possibility of evaporation. 
After 2 hours, 150 pi of stop solution are pipetted 
into each wall (stop solution - 0.2 X glycine ♦ 0.2% 
SOS, pH 11.7). 

Evaluation can now fce carried out under a &V lamp 
(excitation energy 380 nm) or in a fluoreacer.ee 
measuring instrument (riuorescan II, ICS 
Biomedicals, Cat. No.t 78-611-00). 

It was possible to show using this specif icity/ enzyme 
activity assay that fluorescent 4-methylumbelliferol was 
detectable in the wells coated with CEA when the enxyme 
activity was determined at pH 5, the catalytic optimum 
(Tab. 4). 



Ta ble 4 : 
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Dilution out of fusion protein cell culture supernatant 
(B73/2) on CKA and GIT mucin 

Substrate in various solutions 
Dilution 0.2 M sodium PBS, p3 7.2, PBS, pH 7.2 

st?ps acetate buffer on CEA on GIT amcin 

+ 0.01% BSA, 

pH 5, on CEA 



Concen- 








trated 


9118 


2725 


115.7 


1:2 


7678 


2141 


93.37 


1:4 


4662 


1195 


73.39 


1:8 


2927 


618.5 


60.68 


1:16 


1657 


332.1 


53.69 


1:32 


853 


168.2 


40.44 


1:64 


425 


99.26 


48.21 


1:123 


192.5 


57.89 


47.48 



Determination of the conversion rate at pH 7.2 showed 
that at this physiological pH that of the fusion protein 
was still - 25% of the conveision rate at pH 5 . No 
significant aethylumbellif erol liberation was measurable 
on the negative control plates coated with GIT mucin and 
measured at pH 5 . This finding shews that the humanized 
V region of the 4 31/26hum V a hu£Glc 1H fusion protein has 
retained its epitope specificity, and the ^-glucuronidase 
portion of the fusion protein is able, like the native 
human enzyme, to cleave the 0-glncuronide of 4-methyl- 
umbelliferol . 



Example (K): 

Demonstration of the functional identity of the V region 
of the 431/26hum V,hu0Glc 1H fusion protein with that of 
the humanized HAb BW 431/26 and that of the murine HAb BW 
431/26 
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It shewn in Example (J) t!iat the 431/2Gnu» V,hujGlc 1H 
fusion protein has a certain CEA-binding potential and 
^-glucuronidase activity. The antigen-specific cos- 
petetive assay described hereinafter provides information 
on the identity of the CEA epitopes which are recognized 
by the competing molecules, and on the etrength of the 
epitope/fusion protein and epitope/antibody interactions. 

This assay Is carried out as described below: 

Polystyrene 96-well microtiter plates (U shape, Type 
B, supplied by Nunc, Order No. 4-60445) are 
incubated with purified CEA (1-5 ?q of CEA/al, 75 pi 
of this per well) or with GIT mucin ;same aaount as 
CEA) at P.T. overnight. 

The non-adsorbed antigen is removed by aspiration 
and washed 3 x with 0.05 M tris/citrate buffer, 
pH 7.4. 

The microtiter plates are left to stand at H.T. with 
the opening facing downwards on cellulose overnight. 
The microtiter plates are Incubated with 250 >il of 
1% strength casein solution in PBS, pH 7.2, per well 
(blocking solution) at R.T. for 30 minutes. 
50 ^1 of the KAb BW 431/26 in a concentration of 
5 ng/ml are mixed with 50 ?1 of 10-fold concantrated 
supernatant of the humanized KAb BW 431/26 or of the 
fusion protein, as well as serial 2 x dilutions. 
50 M l aliquots of these mixtures are pipetted into 
the wells of mirrotiter plates coated with CEA or 
GIT mucin. 

The microtiter plates are incubated at R.T. for 30 
minutes . 

The plates are tnen washed 3 x with ELISA washing 
buffer {supplied by Behringwerke AG, Order No. 
OSEW 96, 250 pi) . 

Then 50 ?1 of a ls250-diluted goat anti-»ouse Ig 
antibody which is coupled to alkaline phosphatase 
(Southern Biotechnology Associates, Order No. t 
1010-04) are added. 
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Jviutr incubd'dc.i i>t H.T. for 30 minuter and vashing 
3 times, the substrate reaction is carried o^t as 
follows : 

Add 30 pi of 0.1 mM NXDP per veil (dissolve 7.65 mg 
in 100 ml of 20 mM tris; 0.1 bM MgSO w pH 9.5); the 
solution can be stored at -20 *C fox several months. 
Incubate at R.T. for 30 minutes. 

Xake up the enhancer system during the incubation 
vith NADP: (5 ml per plate) 

2 parts of INT (dissolve 2.5 mg/ml in 30% strength 
ethanol in an ultrasonic bath; always make up fresh) 
+ 1 part of PBS, pH 7.2 

+ 1 part cf diaphorase (1 rag/ml PBS, pH 7.2) 
+ 1 part of ADH (0.5 mg/ml PBS, pH 7.2) 
add 50 pi of the enhancer system 

when the extent of reaction is as required, stop the 
reaction with 0.1 N H 2 S0 4 , 100 pi per well 
measure at 492 nm in a TITERTEK* KULTISCAN (blank 
» 50 pi of KADP + 50 pi, of enhancer solution + 

ICC pi of 0.1 N H s S0.) 

NAD? - supplied by Sigma, Order No. N-0505 
INT - supplied by Sigma, Order No. 1-8377 
ADH - supplied by Sigma, Order No. A-3263 
Diaphorase - supplied by Sigma, Order No. D-2381 

Reduction of the extinction in this antigen-specific 
competetive assay means that there is competition between 
the molecules competing with one another for epitopes 
which are the same or lying very close together 
spatially. 

The inhibition data which are obtained show that both the 
fusion protein 431/26hum V g hu0Glc IK and the humanized 
MAb 431/26 block binding of the murine MAb BW 431/26 to 
its CEA epitope. 50% Inhibition is reached at a 200 molar 
excess of the relevant competitors. The conclusion fr^n 
this is that the avidity of the fusion protein lor the* 
CEA epitope is comparable with that of the humanizttd 
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KAb 431/26. Furthermore, the fusion protein and the 
humanized HAb bind tc the same epitope or to an epitope 
v;.ich lies spatially very near to that defined by the 
murine KAb BW 431/26 on CEA. 

Example (!•) : 

Demonstration of the tissue specificity of tlie 431/26ha* 
Vjhu^Glc 1H fusion protein 

Example (J) showed, inter alia, that the 431/26hua 
V B hu/JGlc 1H fuBion protein is able to bind to purified 
CEA. 

Example (K) showed that the V region of the fusion 
protein 13 able to compete with the V region of murine 
BW 431/26 for the same, or a very close, epitope. Tha 
indirect immunohistochemical assay which is specific for 
^-glucuronidase and is described hereinafter can be used 
to determine the microspecif icity of the fusion protein 
on cryopreserved tissues. 

The assay is described below: 

5 pm-thick frozen sections are placed on slides and 
dried in air for at ?.east 30 minutes. 
The slides are subsequently fixed in acetone at 
-20*C for 10 seconds. 

The slides are washed in tris/NaCl washing buffer, 

pH 7.4, with 0.1% BSA for 5 minutes. 

20-100^1 of fusion protein-containing BHK cell 

supernatant (concentrated or diluted in tris/BSA, 

pH 7.4) is applied to each section and incubated in 

a humidity chamber at R.T. for 30 minutes. 

The slides are washed in tris/NaCl washing buffer, 

pH 7.4, with 0.11 BSA for 5 minutes. 

50 M l of hybridoma supernatant of the murine anti- 

0-glucuronidase KAb BW 2118/157 are added to each 

ssction, and the slides are incubated in a humidity 
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charter at - - - 



The slides are then washed in tris/HaCl washing 
buffer, P H 7.4, with 0.1% BSA for 5 minutes. 
20-100 „1 of bridge Ab (rabbit-antimouse IgG diluted 
1,100 in human serum, pH 7.4) are applied to each 
eection and incubated in a humidity chamber at R.T. 
for 30 minuteo . 

The slide* are then washed in tris/NaCI washing 
buffer, pH 7.4, with 0.1% BSA for 5 minutes. 
Subsequently 20-100 „1 of APAAP complex (mouse anti- 
AP diluted 1.100 in tris/BSA, pH 7.4) are applied to 
each section and incubated in a humidity chamber at 
R.T. for 30 minutes. 

The slides are then washed in tris-NaCl washing 

buffer, pH 7.4, with 0.1% BSA for 5 minutes. 

The substrate for alkaline phosphatase is made up as 

follows (100 ml of aubstrate solution sufficient for 

one glass cuvette) x 

Solution 1: 3.7 g of KaCl 

2.7 g of *-ris base (dissolve in 75 ml 
of distilled 
water) 

+ 26.8 ml cf propanediol buffer, 
pH 9.75, adjust with KC1 

+ C2.9 sng of levamisole - clear, color- 
less solution 
Solution 2t Dissolve 21.4 ag of sodium nitrite in 

535 pi of distilled water 

• clear, colorless solution 
Solution 3: Dissolve 53.5 mg of naphthol AS BI 

phosphate in 642 pi of 
dimethyl f ormamide ( DMT ) 

• clear, yellowish solution 
Add 368 M l of 5% strength new fuchsin solution to 
solution 2 (sortie nitrite) and leave to refct for 
1 minute (stopclock) to give a clear, brown solution 
Add solution 2 (sodium nitrite with new fuchsin) and 
solution 3 (naphthol AS BI phosphate) to solution 
1 (tris/«aCl/?ropanediol buffer) - clear, 
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adjust to pH 8.8 with KCl - cloudy, yellowish 
solution 

filter solution and place on the slide and leave to 
react on a shaker for 15 minutes - solution becomes 
cloudy. 

wash slide in tris/NaCl buffer, pH 7.4, for 10 
minutes 

wash nlido in distilled vater for 10 minutes 
after drying in air for 2 hours, the slides are 
sealed in Kaiser's glycerol/gelatin at 56*C. 

Specific binding of the fusion protein was ds*>nstrated 
under the light microscope by the red coloration of the 
epi tope-positive tissue sections. Comparative investiga- 
tions with the murine MAb BH 431/26, which was detected 
by the indirect APAAP technique (Cordell et al., 
j. Histochem. Cytochem. 22, 219, 1984), revealed that the 
tissue specificity of the fusion protein agreed exactly 
with that of the murine MAb BW 431/26, i.e. that there is 
identity both of the reaction type in the individual 
specimen and of the number of positive and negative 
findings from a large number of different carcinomas and 
normal tissue. 



Example (M) s 

Purification of the 431/26hua V.hu/JGlc 1H fusion protein 

Murine and humanised MAbs can be purified by immuno- 
affinity chromatography methods which are selective for 
the Fc part o.'. thsae molecules. Since there is no Fc part 
in the 4 31/26hum V E hu0Glc 1H fusion protein, it was 
necessary to develop an alternative high'.y selective 
iaanunoaff inity chromatography method. Besides the selec- 
tivity of thiu method to be developed, it is necessary 
for the isolation conditions to be very mild ia order not 
to damage the ,1-glucuronidase, which is very labile in 
the acidic and in the alkaline range. 
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The principle of the method comprises purification of the 
fusion protein from supematants from trans fee ted BHK 
cells using an anti-idiotype MAb directed against the 
humanized V region. The preparation of such MAb 8 is Xncvn 
from the literature (Walter et al., Behring Inst. Mitt., 
82, 182-192, 1988). This anti-idiotype MAb can be both 
murine and humanized. The MAb is preferably immobilized 
on a solid phase bo that its V region has not been 
damaged. Examples of this are taiown from the literature 
(Fleminger et al., Applied Biochem. Biot*chnol . , 23, 123- 
137, 1990; Horsfall et al., JIM 104, 43-49, 1987). 

The anti-idiotype MAb thus Immobilized cr, the solid phase 
by known methods binds very efficiemly the fusion 
protein to be purified from transfected BHK cells, for 
example at pH 7, but has the surprising property that it 
no longer binds the fusion protein when the pH is lowered 
by only 1.5, to pH 5.5. This nild pH elution technique 
has no adverse effect on the fusion protein, either in 
its ability to bind to CEA or in its enzymatic activity 
(for methods, see Example J). Tab. 5 shews the OD values 
and fluorcgenic units (FU) of the individual fractions 
from a purification using the solid phase- immobilized, 
anti-idiotype MAb BW 2064/34. 
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Fractions 


OD in % 


FU in % 


P H 


Chromatography procedure 


1-5 


1 


0 


7.2 


Preliminary washing of the 










column with PBS, pH 7.2 


6-142 


20 


0 


7.2 


Sample loading 


143-162 


1 


0 


7.2 


Washing of the column with 










PBS, pH 7.2 


163 


1 


0 


7.2 




164 


1 


0 


7.2 




165 


1 


0 


7.2 




166 


1 


0 


6.8 




167 


2 


10 


6.1 




168 


5 


20 


5.7 




169 


16 


40 


5.6 




170 


23 


80 


5.5 




171 


26 


100 


5.4 


Elusion with PES, 


172 


:4 


80 


5.3 


pH 4.2 


173 


19 


60 


5.2 




174 


14 


40 


5.2 




175 


10 


30 


5.1 




176 


8 


25 


5.1 




177 


6 


20 


5.1 




178 


3 


10 


5.0 




179 


2 


5 


5.0 




180 


1 


0 


5.0 





1 fraction « collection for 6.6 min (at pumping rate of 
18 ml/h) 
- 2 ml 

The FU values are indicated as % of the highest value 
(fraction 171) . 
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The elution of the £u B ion protein was measured as protein 
by «e,=urement of the OD at 280 ». In addition, the 
ieo lated fractions were examined for specific binding to 
CEA and simultaneous enxyme activity in the specificity/ 
en*y-~ rctivit- r.asav (2«Tnple J). The values show that 
all the specific binding and enzyme activity was con- 
centrated in one peak (peak eluted from around pH 5.0 to 
P H 5.6). The conclusion from this is that the described 
method of anti-idiotype affinity chromatography 1- a very 
efficient and selective purification technique for the 
431/2 6hum v,hu£Glc 1H fusion protein. 



Example (N): 

Gel chromatography of the fusion proteins 

The supernatant from the BHK cells secreting the 
431/26hum V, hu^Glc 1H fusion protein (B 70/6, B 74/2. 
B 72/72 B 73/2) were removed, srerilixed by filtration 
and subjected to analytical gel filtration. Tor this, a 
TSK G3000 SW-XL column (7.8 x 300 mm) was equilibrated 

a > - scSius phosphate bull«t, yn 5.7, + G.««« 
2VI1 of the supernatant were loaded on, and elutior. was 
carded out with a flow rate of 0.6 ml/min. Starting with 
an elution time of 9 mln (exclusion volume 9.5 min), 
fractions (0.3 min each, were collected and assayed for 
^-glucuronidase activity. 

For this 25 .1 of the particular fraction were mixed with 
75 ,1 of substrate solution (2.5 mM 4-methylumbellif eryl 
fl -clucuronide in 200 mM sodium acetate buffer, pH 5, * 
0.1 mg/ml BSA) and incubated at 37'C for 2 hour. The 
reaction was then stopped with 1.5 ml of 0.2 H 
glycine/0.2% SDS solution, pH 11.7, and the fluorescent 
label liberated by the glucuronidase was quantified in a 
Hitachi f luorometer (with excitation wavelength of 360 n» 
and emission wavelength of 450 nm) . 
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Resultt 



All 4 constructs show a single main activity peak between 
fractions 4 and 6 (Table 6) . This corresponds to reten- 
tion times of about 10.2 - 10.8 min. The fusion proteins 
with glucuronidase activity in the suror^tanta thus have 
retention times which are of the same order of magnitude 
as those of chemically prepared antibody-^ -glucuronidase 
constructs (10.4 min) . The retention time for the free 
enzyme Is 11.9, and for the free antibody is 12.3 stin. 
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Table 6: 

Gel filtration of various fusion protein* 
Incubation: 25 pi, 37*C, 120 win 

Substance concentration: 1.875 wH; 0.1 mg/ml BSA 
Each fraction 0.3 ain; start at 9 min 



Fractions 



Liberated label/assay (FXJ) 

B70/6 B74/2 B72/72 



B73/2 



1 


XI 


17 


15 


15 


2 


22 


35 


A. A 

44 




3 


125 


97 


ail 




4 


1072 


196 


2959 




5 


1588 


165 


2206 


1141 


6 


1532 


120 


1133 


1760 


7 


941 


103 


CQ1 

DUX 


926 


8 


710 


69 


376 


723 


9 


500 


108 


302 


626 


10 


371 


123 


316 


613 


11 


320 


107 


263 


472 


12 


254 


91 


210 


456 


13 


224 


57 


146 


357 


14 


190 


65 


134 


332 


15 


171 


52 


83 


294 


16 


167 


44 


99 


243 


17 


100 


33 


73 


217 


18 


129 


34 


55 


179 


19 


75 


45 


48 


155 


20 


66 


41 


36 


129 








118 


21 








93 








22 








78 








23 








61 








24 








24 


25 
















51 
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Example (O) t 

Kolecular characterisation of the 431/26 hum V. hu/JGlclH 

fusion protein 

The fusion proteins wre purified by anti-idiotype 
affinity chromatography in Example (M) . Aliguots from the 
p^k eluted at pH 5.5 were .objected to 10% SDS PAGE 
electrophoresis under non-reducing and reducing condi- 
tions and immunostair. .1 in a Western blot using anti- 
idiotype MAbs or with anti-«-glucuronldase MAbs (Towbln 
and Gordon (1979), Proc. Natl. Acad. Sci. OSA 76. 4350- 
4354) . 

Under non-reducing conditions with the 431/26 hum V, 
haJGlclH fusion protein, a main band of - 125 kDa and a 
band of 250 kDa were detected and were detactable both by 
anti-idiotype MAb and by anti-0-glucuronidase MAb in the 
Western blot. Under reducing conditions there was no 
detectable imaunostaining either by the anti-idiotype or 
by the anti-0-glucuronidase MAbs. A 100 kDa and a 25 kDa 
band wore detected in the reducing SDS PAGE. However, 
these molecules analyzed under denaturing conditions are, 
accordirg to TSX G 3000 SW-XL gel filtration under native 
conditions in the form of a higher molecular weight 
product which has a molecular weight of - 250 kDa 
(Examrle N). Diagrammatic representations of the 431/26 
hum V B hujSGlclH fuJion protein are shown in fig. M. Figure 
Hb shows the monomer which has a - 25 kDa light chain and 
a - 100 kDa heavy chain. This monomer and a dimer linked 
by inter-heavy chain disulfide bridges can be detected 
under denaturing conditions (Fig. Ma). Under native 
conditions, the fusion protein is in the form of a dimer 
of - 250 kDa, with c: J**~hout inter-heavy chain disulfide 
bridges (Fig- Kc) . 
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EXAMPLE (P) « 

Chemical .odification of th« fusion protein 

The fusion protein purified a- in Example (») (HO 
was adjusted to pH 4.5 and mixed with sodium periodate 
(final concentration 1 -M) . After incubation at roc- 
temperature in the dark for 1 hour, the .odium periodate 
was removed by gel chromatography, and the fusion protein 
va, then readjusted to pH 8. Addition of ethanolamine to 
a final concentration of 0.1 X was followed by incubation 
Bt 4-c f=r a further 3 hours, then sodium cyanoboro- 
hydride (final concentration 5 mM) was added and in- 
cubated for 30 mix, (reduction). This was followed by 
another gel filtration to remove the reducing agent and 
to change the buffer of the fusion protein. The chemical 
modification had no effect on the functional activity of 
the fusion protein. Tab. 7 shows the change in the plasma 
concentration, of unmodified and modified fusion protein 
in th. nude mouse. The elimination of the fusion protein 
from the plasma is greatly slowed down by the 
xnodif ication. 



Piasma level, of ^-glucuronidase activity in the nude 



souse 
t 



^-Glucuronidase fusion protein 
Treated Untreated 
% activity * activity 



0 
10 
30 
60 
240 
480 
1380 
1440 

5880 3 



100 
76 
40 
19 



100 
54 

22 
4 
1 
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EXAMPLE (Q): 

Knzyatic treatment of the fusion protein 

53 ,g of fusion protein (Example «) in 0.01 M tri./HCl, 
0 15 H Had were incited with 1 unit of soluble 
airline phosphatase (2. eoli) or i.n.obilixed alxal ne 
phosphatase (bovine intestine, at roo» te»peratur for 
20 h. Tab. 8 .hows the charge in the plasma concentration 
of untreated and treated fusion protein in the , nude 
r , US5 . The elimination is not significantly affected by 
the enzyme treatment. 

Ta ble 8s % , 

pTa^Tlevels of ^-glucuronidase activity in the nude 



mouse 



^-Glucuronidase fusion protein 



[min] untreated treated 
[%3 l % > 



(bovine intestine, (E. coli) 
immobil . ) 

treated 
1*3 



0 100 

10 78 

30 44 

60 35 

240 22 

1440 4 



100 
76 
57 
36 
27 
5 



100 
65 
53 
35 
22 
5 



X*> - alkaline phosphatase 
Example (R) t 



Pharmacokinetic, and tu~r retention of the 431/26 h» V, 
hu^Glc 1H fusion protein 

By wa y of example, 5 x 4 „g of purified fusion protein 
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which vae mixed with 100 mS ol HSA/ml were injected in 
unmodified (Example N) and che^cally modified fora 
(Example P) i.v. at 24-hour intervals into CEA-expressing 
nude mice harboring human tumors. After defined time 
intervals, 3 animalB in each case were sacrificed by 
cervical dislocation. The organs were removed, weighed 
and mixed with 2 ml of 1% strength BSA in PBS, pH 7.2. 
The tissue and cells from these organs were then broken 
down in a Potter (10 strokes) and the amount of functionally 
active fusion protein was determined in the supernatant 
after centrif ugation of the suspei^ion at 3000 rpm ana RT 
for 10' (Heraeus Labofuge GL, Type 2202) in the specificity/ 
enzyme activity assay (see Example J). The data from a 
representative experiment are shown in Tab. 9. It is clearly 
evident that the chemically modified fusion protein, which 
has a tl/2£ of «= 4 h, specifically accumulates in the 
tumor from * 3 days after completion of the repetitive 
injection phase. The unmodified fusion protein, which has 
a tl/20 of « 20 min, showed no significant accumulation 
in the tumor under the same experimental conditions. 

It may be concluded from these data that the hu 4 31 fi-Gluc 
fusion protein is able to bind in vivo to C£A-positive tumorc 
and to remain ther* as enzymatically active mol-c^.e over 
long time periods (> 9 days). The time the prodrug is 
administered in this systea should be between divy 3 and 
9 after completion of the fusion protein injection. 
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Example (S) : 

isoelectric focusing of the 431/26 hum V, hu^Glc Xa fusion 
protein 

The fusion protein purified by anti-idiotype affinity 
chromatography (Example N) was subjected to isoelectric 
focusing in the Pharmacia Fast System by the method of 
Righetti et al. (1979). It emerged from this that the 
isoelectric point of the molecule lies in a pH range from 
7.35 to 8.15. 

Example (T)i 

Demonstration that a cytostatic prodrug can be cleaned by 
the 431/26 hem V B hu/lGlc 1H fusion protein 

It was shown in Example (J) that the ^-glucuronidase portion 
of the fusion protein is able, like the native human enzyme, 
to cleave the 0-glucuronide of 4-methylumbelliferol. In 
the investigations which are described hereinafter, the 
substrate used for the enzymatic cleavage was a 
^-glucuronide, linked via a spacer group, of the cytostatic 
daunomycin. The specific procedure for these investigations 
was as follows: 

4 TO g of the compound N-(4-hydroxy-3-nitrobenzyloxy- 
carbonyl)daunorubic5.n p-D-glucuronide (prodrug), which is 
described in French Patent Application (No. d'Enregistrement 
National: 9105326) were dissolved in 1 ml of 20 mM phosphate 
buffer, pH 7.2. 35 M l of the fusion protein (Example K) 
or of human /j-glucuronidase (total concentration in each 
case 6.5 D/ml; ID- cleavage of 1 /»mol of 4-methyl- 
umbelliferol/min at 37 *C) were pipetted into 5 „1 portions 
of this substrate solution and incubated in the dark at 
37*C. Samples (5 pi) of the incubation mixture were removed 
after various times and immediately analyzed by high pressure 
liquid chromatography under the following conditions: 
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Column: 

Nucleosil IOC RP 18, 5 /*n particle diameter, 125 x 4.6 am 
Mobile phase: 

Gradient of solution A (100% acetonitrile) and solution B 
(20 mM phosphate buffer pH 3.0) 

0 min: 30% 2olution A 
15 min: 7C% solution A 
20 minx 70% solution A 

Flow rate: 1 ml /min 

Detection: fluorescer.ee, excitation 495 ran, ezoisaion 560 nn 

Data analysis: Beckman System Gold Software 

The retention time of the starting compcund (prodrug) under 
these chromatography conditions was 11 min. The compound 
produced during the incubation (drug) had a retention time 
of 8.9 min, identical to daunomycin (DNM, analysis of a 
standard under the same conditions). The kinetics of the 
cleavage of the starting compound by the fusion protein 
and human ^-glucuronidase are shown in Tab. 11 and Tab. 10 
respectively. 

The half-life of the cleavage of the prodrug by the fusion 
protein was 2.3 h. Cleavage by human 0 -glucuronidase took 
place with a half -life of 0.8 h. As already demonstrated 
in Example (J) , the results of the investigations show that 
the ^-glucuronidase portion of the fusion protein is 
functionally active and able to cleave £-glucuronides . The 
kinetics of the elimination of the glucuronide portion and 
the liberation of the drug (daunomycin) from the prodrug 
used show a rate comparable in magnitude to human 
/(-glucuronidase, so that the substrate specif ity of the 
fusion protein essentially agrees with that of human 
^-glucuronidase . 
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Table 10» 

Kinetic* of prodrug cleavage by ^-glucuronidase Jhunan, 

recombinant ) 



t Prodrug 
area % 



min 



DNM 
area % 



0 99.2 

57 36.0 

130 10-3 

227 9-3 



0.8 
64.0 
89.7 
90.7 



fable lit 

Kinetics of prodrug cleavage by ^-glucuronidase (fusion 
protein) 



t 



Prodrug DNM 
area % area % 



0 98.9 



1.1 



50 
135 
190 
247 
317 



81-1 18 - 9 

51.7 «.3 

33.0 67.0 

22.0 78.0 

12.4 87.6 
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TZ2 ILV3CDIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE ' 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOBSx 

1 . A fusion protein for prodrug activation of the f crmula 
huTuHAb-L-£-Gluc, where huTuMAb is a humanized tmnor- 
specif ic monoclonal antibody or a tumor-binding fragment 
thereof, L is a linker, and £-Gluc is human 
^-glucuronidase . 



10 



20 



A fusion protein as claimed in claim 1, in which the 
antibody fragment is composed of a V a exon, a CHj exon 
a hi.,gi e;;ca and leads to expression of fusion 
proteins which are not linked together by disulfide 
bridges . 



3. A fusion protein as claimed in claim 1, in which the 
antibody fragment is composed oi a V, exon, a CH, exon 
and two hinge exons and leads to the expression of 

15 fusion proteins in which the heavy chains fragments 

are linked together by disulfide bridges ♦ 

4. A fusion protein as claimed In claim 1, in which the 
antibody fragment is composed of a V B exon, a CBj exon 
and three hinge exons and leads to the expression 
of fusion proteins which are linked together by 
disulfide bridges. 



5. A fusion protein as claimed in claim 1, in which the 
antibody fragment is composed of a V a exon and a CH, 
exon and on expression can associate with a modified 

25 light chain composed of V L and CH, domain. 

6. A fusion protein as claimed in any of claims 1 to 5, 
where the huTuMAb portion derives from KXb BW 431/36. 

7. A fusion protein as claimed in any of claims 1 to 5, 
where the huTuMAb portion is forced from one of the 

30 MAbs described in EP-A1-0 388 914. 



8. 



A fusion protein as claimed in any of claims 1 to 7, 
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in which L contains a polypeptide spacer as Bhown in 

Tab. 1 and/cr 2. 

A fusion protein as claimed in any of claims 1 to 8, 
in which L contains 1, 2 or 3 hinge regions of a human 
IgG3 C gene. 

A plasmid which contains the cDNA for peptides as 
claimed in claim 1 to claim 9. 

A transformed euxaryotic cell which is transformed 
with a plasmid as claimed in claim 10. 

A process for the preparation of proteins as claimed 
in claim 1 to claim 9, which comprises expressing these 
fusion oroteins in transformed cells by means of 
pla*.,raids, and isolating said fusion proteins via anti- 
idiotype MAbs . 

15 13. A fusion protein as claimed in any of claims 1 to 9 # 

which fusion protein is treated vith an oxidizing agent. 

14. A fusion protein as claimed in claim 33, which fusion 
protein is reductively aminated in a Becond reaction 
step. 

20 15. A process for the preparation of fusion proteins as 

claimed in claim 13, which comprises treating the fusion 
proteins as claimed in any of claims 1 to 9 with an 
oxidizing agent, 

16. A process for the preparation of fusion proteins as 
25 claimed in claim 14, which comprises the fusion proteins 

as claimed in any of claims 1 to 9 being oxidized in 
a first reaction step and reductively aminated in a 
second reaction step. 



10. 



11. 



10 12. 



30 



17 . A fusion protein as claimed in any of claims 1 to 9 
and claims 13 and 14 as pharmaceutical. 
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lQ t - * n p- ' ;1 iu " f - J i.n *ny of claima 1 to 9 

ani clai-ms 13 and 14 a.i diagnostic aid. 
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